A retrospective audit of the surgical insertion and clinical outcome of silastic venous catheters on our Haematology Unit was performed for the period 1985 to 1988. Twenty-three (58%) of the 40 lines had complications, and analysis showed that many were due to problems related to the surgical technique used.
Introduction
Long term venous access via in-dwelling silastic catheters plays an important role in the armamentarium of modern medicine, and facilitates long term intravenous feeding, pulsed courses of chemotherapy, and vascular access for dialysis. Any complication associated with the surgical procedure of insertion results in morbidity ill-afforded by these particular patients, who are commonly immunocompromised and thrombocytopenic.
The customary approach for such catheter placement is the superior vena cava, inserted by way of the cephalic, subclavian or jugular veins', although cannulation of the inferior vena cava has been described for difficult cases in which access sites in the upper torso are contraindicated", We have conducted a retrospective review ofthe problemsassociated with central venous catheters on our Haematology Unit, and from the results of that study have altered our insertion protocol. This has dramatically reduced the complication rate associated with catheter insertion. 14 patients underwent bone marrow transplantation performing these operations is perhaps reflected in the number of different surgical approaches used. Twenty-one lines were placed via a cephalic vein, 7 through a subclavian route, and 12 directly into an internal jugular vein.
From the start of 1989, 26 long term silastic catheters have been placed in 24 patients by two surgeons (one consultant and one registrar) from one surgical team using a standardized technique. Fifteen of the catheters were single lumen, and 11 were of double lumen type. The mean patient age was 42 years (range 19-64 years). The underlying diagnoses are shown in Table 2 . Patient condition was carefully assessed preoperatively, and thrombocyte transfusion given if the platelet count was below 20 X 10 9llitre. Peroperative antibiotic cover with vancomycin(500mg intravenously) was given and lines were inserted under general anaesthesia in a main operating From 1985 From to 1988 venous access lines were inserted in 33 patients with a mean age of 41 years (range 16-75 years). Twenty-five of these lines were single lumen catheters and 15 were double lumen design, and used principally for patients undergoing bone marrow transplantation. The underlying diagnoses of the patients are shown in Table 1 .
Patients and methods
The lines were positioned by a number of different junior surgical staff during spare operating list time, or performed as emergency procedures. Fifteen of the 40 catheters were inserted under general anaesthetic, and 25 using local infiltration. The variety ofsurgeons theatre. The patient's neck and anterior chest wall to the level of the manubrium were cleaned with aqueous 10% povidone-iodine solution. The internal jugular vein (lJV) on the side ofchoice was approached through a 3 ern transverse incision made 1 cm above the clavicle and centred on the space between the two heads of sternocleidomastoid. The incision was deepened using cutting diathermy through the platysma muscle, and the IJV identified and dissected free from all surrounding connective tissue for a 2 cm length. A right-angled Lahey vascular clamp was used to pass a nylon tape and two 2/0 silk ties behind the IJV to act as slings and to allow absolute control of blood flow. A long subcutaneous tunnel was made, using a pair of biopsy forceps passed inferiorly from the incision, parallel to the midline and emerging at the level of the xiphisternum. The tip of the venous catheter was grasped in the forceps and drawn back through the tunnel. The catheter was flushed with heparinized saline and cut to length such that when inserted into the superior vena cava (SVC) its tip would lie at the level of the sternal angle. Using the silk ties to control venous blood flow, a small venotomy was made in the IJV and the catheter inserted inferiorly and secured by means of the lower tie. The upper tie was used to ligate the IJV superior to the venotomy. The operative field was covered with a sterile sheet and the position ofthe venous catheter determined by X-ray screening using a mobile 'C' arm X-ray machine. If necessary the catheter tip was advanced or withdrawn such that it lay in the SVC. Before closing the wound it was confirmed both that the catheter could be flushed with heparinized saline and venous blood easily withdrawn. The incision was then closed in two layers with absorbable sutures and dressed with Opsite (Smith and Nephew). The operative time taken was recorded, and the subsequent clinical course of the patients was monitored.
Results
During the 3-year period from 1985 to 1988, complications occurred in 23 (58%)of the 40 central venous catheters inserted, and only 17 of the 40 were clinically satisfactory. The line complications included 5 (13%) which were misplaced superiorly such that the end of the catheter lay in one of the great veins of the neck rather than the SVC. On five (13%) occasions the surgeon failed to insert the line at all, and the procedure had to be reattempted later. Two catheters (5%) were advanced beyond the SVC and the postoperative chest X-ray revealed that the line tip was in the right atrium. There were five cases of axillary vein thrombosis, all associated with insertion via the ipsilateral cephalic vein, and six (15%)of the 40 lines developed tunnel infections. These complications led to the removal of the access catheter in 14 (42%) of patients and seven required a subsequent line insertion. Eight patients died with a line in situ, and nine had lines removed after their clinical purpose was fulfilled. Overall the central venous lines were in place for a mean of 51 days (range 1-223 days). One finding which we considered to be extremely significant was that if a line was malpositioned, lay in a site other than the SVC, and required surgical repositioning or replacement, then there was a 50% probability of a second complication developing, usually infective or thrombotic.
Since adopting an altered insertion protocol the number of complications have been significantly Journal of the Royal Society of Medicine Volume 83 October 1990 621 reduced. In the series of 26 consecutive procedures there have been no failed insertions, and no preoperative complications noted. The mean operation time has been 32 min (SD 11 min), and there have been no thromboses or line fractures. Line insertion has been via the right IJV in each case, and line tip position was checked by on-table radiographic screening. Postoperatively two (8%) of the lines developed tunnel exit site infections which required their removal. The catheters proved straightforward to remove on the ward by simple traction once the distal Dacron felt cuff had been loosened at the tunnel exit site after the infiltration of local anaesthetic. Pressure applied over the IJV after line removal prevented haematoma formation, and in the two patients who required a second line to be inserted the original skin incision was reopened and the right IJV was again used for access.
The overall mean duration of line placement was 120 days (range 42-217 days).
Discussion
The choice of insertion site for central venous catheterization has been found by several authors to influence the ease of line placement and the complication rates experienced. Thomas et al. 3 reporting the outcome of 250 catheters in 218 patients at the Royal Marsden Hospital observed that if the right cephalic route was selected there was a marked tendency for the catheter tip to pass up into the ipsilateral IJV. Furthermore all their cases of venous thrombosis (axillary, subclavian or superior vena cava) occurred with cephalic vein insertion. This was also our finding from our retrospective review in which cephalic vein insertion resulted in five lines being malpositioned and five axillary vein thromboses.
The use of an image intensifier has been shown to reduce the operating time required for line insertion from a mean of 59.4 min to 37.9 min", and our overall mean time of 32 min (range 15-50 min) compares favourably with this. Several different techniques of IJV catheter insertion have been described, concentrating on minimizing the principal risks of the procedure -intraoperative haemorrhage and air embolism. The two are related in that air embolism may occur if the patient is placed in a headup position in an effort to reduce bleeding. Many authors describe a pursestring suture in the IJV, through which a venotomy is madev". A problem associated with this method is that of vascular control, and even if a segment of vein is elevated over the two jaws of a clamp, control is incomplete'. An alternative method involves placing curved bulldog vascular clamps across the vein above and below the proposed site of venotomy". This technique was described by Fan 7 in five patients over a 2-year period, and although no complications occurred, the potential to tear the very thin walls of the IJV with bulldog clamps is a concern. The method that we have used avoids these problems as gentle elevation of the isolated vein segment between the silk ties allows complete control and unhurried insertion of the catheter. By electing to make our skin incision as described we did not have to ligate the middle thyroid vein, unlike surgeons whose approach to the IJV is made over the posterior border of sternocleidomastoid at the level of the cricoid cartilage".
We believe that a standardized approach as described here, together with the use of intraoperative X-ray screening to assess catheter position produces superior results in a patient population that can ill afford complications of a procedure which can have an appreciable morbidity, and even mortality8,9. 
